gery, and neurosurgery units. We calculated the number of room stays involving the potential for MRSA and VRE acquisition and then assessed the frequency at which eligible patients were exposed to rooms in which the prior occupants had MRSA-positive or VRE-positive status.
Results: Acquisition of MRSA and VRE was lowered from 3.0% to 1.5% for MRSA and from 3.0% to 2.2% for VRE (PϽ .001 for both). Patients in rooms previously occupied by MRSA carriers had an increased risk of acquisition during the baseline (3.9% vs 2.9%, P =.03) but not the intervention (1.5% vs 1.5%, P =.79) period. In contrast, patients in rooms previously occupied by VRE carriers had an increased risk of acquisition during the baseline (4.5% vs 2.8%, P=.001) and intervention (3.5% vs 2.0%, P Ͻ.001) periods.
Conclusions:
Enhanced intensive care unit cleaning using the intervention methods may reduce MRSA and VRE transmission. It may also eliminate the risk of MRSA acquisition due to an MRSA-positive prior room occupant. Med. 2011; 171(6) : [491] [492] [493] [494] E NVIRONMENTAL CONTAMINAtion with multidrug-resistant organisms may facilitate the spread of health care-associated infections. This is particularly important in intensive care units (ICUs), in which patients are at high risk of infection due to comorbidities, wounds, and the use of medical devices. Prior research 1 has shown that admission to an ICU room previously occupied by a patient harboring methicillinresistant Staphylococcus aureus (MRSA) or vancomycin-resistant enterococci (VRE) was associated with a 40% increased risk of acquisition. In response to this finding, an intervention involving feedback regarding the adequacy of cleaning, repeated immersion of cleaning cloths into buckets filled with disinfectant, and an educational campaign was instituted and found to reduce MRSA and VRE room contamination. 2 We now assess the effect of this cleaning intervention on the risk of acquiring MRSA and VRE from prior room occupants.
Arch Intern

METHODS
A quaternary ammonium agent was used for baseline discharge cleaning. The cleaning intervention, as previously described, 2 included 3 additional procedures: (1) targeted feedback regarding the adequacy of cleaning using a novel, nontoxic tracking marker whose marks are visible only under UV light ("black-light"), 3 (2) changing the application of disinfectant from pouring from bottles onto cleaning cloths to bucket immersion of cleaning cloths, and (3) education regarding the importance of repeated bucket immersion during cleaning.
Data collection and analyses were performed identically for MRSA and VRE. We obtained census information detailing ICU occupants and occupancy dates from Sep- Intensive care units included medical (n=2), cardiac, burn/ trauma, general surgery, cardiac surgery (n=2), thoracic surgery, and neurosurgery (n=2) units. They routinely performed high-compliance admission and weekly MRSA and VRE screening, systematically distinguishing between imported and incident cases. For each occupant, we collected demographic and comorbidity data based on International Classification of Diseases, Ninth Revision codes within 1 year of ICU admission. We also collected each occupant's pre-ICU, ICU, and post-ICU length of stay; duration of room vacancy before ICU admission; and carrier status at ICU admission and discharge.
Carrier status was obtained from infection control and microbiology laboratory records. Patients were eligible for acquiring MRSA during an ICU stay if they had no history of MRSA before room admission and no MRSA-positive culture results within 2 days of ICU admission. 4 Identical criteria were used for VRE. Patients could contribute data from any number of room stays until MRSA or VRE acquisition occurred.
We calculated the number of room stays involving the potential for MRSA and VRE acquisition. We then assessed the frequency at which eligible patients were exposed to rooms in which the prior occupants had MRSA-positive or VRE-positive status. To evaluate the association between a prior occupant with MRSA-positive or VRE-positive status and MRSA or VRE acquisition by the next occupant, we used generalized linear mixed models in baseline, intervention, and combined models. Models controlled for the collected variables described herein and accounted for clustering by ward.
RESULTS
A total of 8203 and 9449 patients had 11 528 and 13 359 ICU stays during baseline and intervention periods, respectively. After excluding carriers on ICU admission, the number of patients eligible for MRSA or VRE acquisition was 7629 and 7806 at baseline and 8716 and 8824 during the intervention, respectively. Patient characteristics are summarized in Table 1 .
Overall, MRSA and VRE acquisition decreased when comparing intervention to baseline periods (Table 1) . Acquisition fell from 3.0% (305 of 10 151) to 1.5% (182 of 11 849) for MRSA and from 3.0% (314 of 10 349) to 2.2% (256 of 11 871) for VRE (PϽ.001 for both). When evaluating acquisition by prior occupant status, patients in rooms previously occupied by MRSA carriers had an increased risk of acquisition during the baseline (3.9% vs 2.9%, P=.03) but not the intervention (1.5% vs 1.5%, P =.79) period. In contrast, patients in rooms previously occupied by VRE carriers had an increased risk of acquisition during the baseline (4.5% vs 2.8%, P=.001) and intervention (3.5% vs 2.0%, PϽ .001) periods.
In multivariate models evaluating predictors of acquisition, the presence of an MRSA-positive prior occupant predicted MRSA acquisition in baseline (odds ratio [OR], 1.4; P=.04) but not intervention (OR, 1.1; P=.66) models. In contrast, VRE acquisition remained associated with VRE-positive prior occupants in baseline (OR, 1.4; P=.02) and intervention (OR, 1.4; P = .04) models. Table 2 lists other variables associ- ated with MRSA and VRE acquisition.
COMMENT
The increased risk of MRSA and VRE acquisition attributable to the carrier status of prior room occupants, as previously observed by some of us, 1 led to an intervention that improved ICU cleaning and reduced MRSA and VRE room contamination. 2 The cleaning intervention significantly reduced overall MRSA acquisition by 49% and VRE acquisition by 29%. However, the cleaning intervention had differential effects on the risk of acquisition due to the positive carrier status of prior room occupants. It eliminated the increased acquisition risk from MRSApositive prior occupants but did not erase the increased acquisition risk associated with VRE-positive prior occupants.
Whereas enhanced ICU cleaning appears to be effective in decreasing MRSA and VRE transmission, it may be more effective in reducing transmission of MRSA compared with VRE. Reasons for this difference may include the generally higher burden of VRE contamination and evidence that room contamination may be a major factor in VRE transmission. 5 Other authors 2, 6 have found that 12% to 14% of rooms previously occupied by VRE carriers had residual contamination even after environmental cleaning. In addition, VRE contamination has been shown to persist through 3 standard room cleanings, even with bucket-based cloth-immersion cleaning. 7 Study limitations include the lack of data regarding antibiotic use. Antibiotic exposure is associated with increased VRE shedding among carriers and increased VRE acquisition among patients exposed to carriers. 8, 9 Nevertheless, these and other unmeasured factors are unlikely to be differentially distributed by prior occupant status. Bed and nursing assignments are made independent of prior occupant carrier status.
In summary, we show that enhanced ICU cleaning involving targeted feedback using a black-light marker, disinfectant-saturated cleaning cloths, and increased education regarding best-practice cleaning methods may reduce MRSA and VRE transmission and eliminate the risk of MRSA acquisition due to an MRSA-positive prior room occupant. Recent studies have particularly highlighted the black-light marker component of this campaign for its superior role in providing feedback compared with routine visual inspection. 3, 10 However, additional studies are needed to evaluate the differential effect of enhanced cleaning on MRSA vs VRE. This may be particularly relevant for hospitals with high VRE prevalence where the burden of VRE con- 
